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$80 Intelligence and Miscellaneous Articles. 
African lakes, and to be due to climatic hange. He brings forward 
evidence in favour of the coincidence of change of level and climatic 
change, but does not believe that his views are by any means con- 
tradictory to those of Mr. Carson, for the phenomena may be 
explained by a combination of the influences of climate with those 
of mechanical gencies. 
9. "On Cheilostomatous Bryozoa from the Middle Lias." By 
Edwin A. Walford, Esq., F.G.8. 
XL I .  Intelligence and Miscellaneous Articles. 
oN A PHOTOMETRIC METHOD WHICH IS INDEPENDENT OF COLOVR. 
BY OGDEN N. ROOD. 
THE principle underlying most of the photometric methods now 
"J" in  use depends on a comparison of the illumination of two 
adjacent fields ; in some instances, as where a spot or a ring is 
made to disappear, this idea is thinly disguised, but instantly 
becomes apparent when the lights are di/ferently coloured. 
The object of the present paper is to present a mode of pro- 
cedure in which the coloration of the two surfaces, even though at 
a maximum of vividness, is a matter of entire indifference, since 
the process depends not on a comparison of these surfaces, but on 
the shock which the retina experiences when one surface is quickly 
withdrawn and replaced by another. I f  we take a uniform circular 
disk of any colour, illuminate it evenly, and then set it in rotation 
slowly or rapidly, the retina will receive no shock, since the parts 
replacing each other in the retinal image are in all respects identical ; 
in other words, no flickering will be perceived. If, however, one 
half of the disk reflects less light than the other by ~0- of the total 
amount, with appropriate rates of rotation a faint flickering will 
be noticed, which will increase in intensity as the difference of 
the luminosities of the two halves of the disk is made greater. 
Accordingly I prepared a set of about a hundred isks of drawing- 
paper, their depth of tint ranging from the whitest paper down 
to the blackest, he gradation being as even as practicable. For 
the determination, then, of the reflecting-power, for example of a 
vermilion disk' it was only necessary to select from the series a 
grey disk which, when combined with it in equal parts, gave no 
perceptible flicker, and afterwards to determine the reflecting- 
power of this grey disk in terms of the standard white cardboard. 
Results were thus obtained for the principal co]ours--red and 
blue-green, yellow and blue, green and purple. The difficulty in 
measuring the reflecting-power of these coloured disks was in all 
cases the same, and was due to the fact that it is hard to obtain 
grey disks with absolutely uniform surfaces. This trouble, or a 
lack of uniformity in the coloured disks themselves, was to a con- 
siderable xtent obviated by reversing the halves of the composite 
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Intelligence and Miscellaneous Articles. 381 
disk so as to employ the previously unused surfaces. Small irre- 
gularities of texture or a sandy appearance do not interfere with 
the use of the disks to a noticeable, xtent, but when the depth of 
the tint changes slowly over an extended surface it gives more 
trouble. Of course the case frequently arose where in the entire 
hundred disks not one could be found with which the flickering 
entirely disappeared at quite low rates of rotation, and here it 
was necessary to determine with which grey disk the flicker was at 
a minimum. This was accomplished by combining the same coloured 
disk with two grey disks, a larger and a smaller, on the same axis, 
when it would become evident which was the more favourable 
combination, and the observer would notice that the luminosity of 
the coloured disk must be nearer to one grey disk than to its mate, 
or about equally distant ~rom both. 
As before stated, results were obtained for six disks, but these 
were selected so as to be complementary to each other in pairs, 
and in order to test the process they were now combined pair-wise 
and the resultant luminosities of their grey mixtures were deter- 
mined by the old method, and afterwards calculated on the basis of 
the figures furnished by the flickering process : -  
Grey mixture. Difference. 
27-5 observed. 
Purple and green . . . .  27"5 calculated. 0 
:Red and blue-green t 20-2 observed. 
"" 21"1 calculated. ~ / 
• f 27"85 observed. 
Yellow and blue 29'1 calculated. 1"25 
k 
These experiments were not at all elaborate, and as their greatest 
difference barely exceeds one per cent. of the reflecting-power of 
white cardboard, they may be taken as furnishing a proof of the 
correctness of the process employed. 
Thus far we have dealt with the combination of white (grey) 
disks with those that are strongly coloured, and it remains to give 
an example of the process as applied to two differently coloured 
but not complementary disks. To test this matter it was necessary 
to find two coloured isks having the same or nearly the same re- 
flecting-power. In  my collection :[ finally found two such disks, a 
cya~-blue with a reflecting-power of 23-9 and a purple for which 
the figure 23"3 had been obtained: these disks, when combined, 
gave a scarcely perceptible flicker. Since then graded series of 
yellow disks have been made, but it has been impossible to find 
time to hunt up their equivalents in luminosity and make the 
necessary determinations. 
This fiickering process having answered so well, the procedure 
was reversed and used with great advantage to facilitate the deter- 
minations of the values of the grey disks executed in the ordinary 
way ; in other words, the series of grey disks as made by myself is 
not pure grey but has a slightly yellowish tint that makes estimation 
of equality of luminosity a little more difficult than it ought to be, 
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382 Intelligence and Miscellaneous Articles. 
Accordingly, in measuring the reflecting-power of the grey disks 
by the old method, the standard white and black disks were com- 
bined with a small amount of a.n orange-yellow disk, which made 
their mixture match the tint of the grey disk under experiment. 
The luminosity of the orange-yellow disk in terms of standard 
white cardboard being known, the final result was calculated with 
equal facility and the annoyance r moved. I t  is hardly necessary 
to add that in all eases the amoun~ of white light reflected from 
the standard black disk was taken into account. 
An experiment was now made to test the flicker process by using 
it to determine the reflecting-power of two grey disks which were 
afterwards measured in the ordinary way, and the foUowing result 
was obtained : -  
Direct determination . . . . . . . . . . .  34"1 29"1 
Flicker ,, . . . ." . . . . . .  33"7 28"6 
Difference . . . . . . . . . .  "4 "5 
These determinations were not elaborate but may suffice for the 
purpose. 
Afterwards a more careful set of observations was made to 
ascertain with what minimum difference in luminosity the flicker 
became insensible ; a series of five light-grey disks was made with 
gradations o small that these would have required elaborate work 
for their individual determination, which was not attempted directly, 
the method of measuring the least and the most luminous disk 
being employed, and the difference between the figures divided by 
four. When these disks were tested flicker fashion in pairs, it was 
found that the intervals between them were not at all identical, 
one being larger and its neigbbour smaller than the average interval, 
but each pair nevertheless furnished a faint but distinct flicker. 
I f  the intervals had been regular, as was intended, the experiments 
would have proved that with a difference of ~6 part of the total 
light a flicker could be perceived ; as it was it showed that a con- 
siderably smaller difference suffices, probably about ~0.  
I t  is evident hat for the purpose of measuring the reflecting- 
power of coloured isks it will not in every case be necessary to 
undergo the labour of making an elaborate set of grey disks: if 
the experimenter is furnished with six or eight brilliantly-coloured 
disks, the reflecting-power of which has been carefully determined, 
then, with these and black and white disks, he will be able to match 
new disks and measure their luminosity in the old way. 
There does not seem to be any reason why this process with the 
aid of well-known optical devices hould not be applied to ordinary 
photometric work, or to such as is carried on in the interior of the 
observing-telescope of a spectroscope. In  simple work with disks 
like that here presented, the flicker photometer is necessarily on 
the model of a staircase, and the transitions, though small, are 
always abrupt ; but when there are other modes of regulating the 
illumination this would not be the case, and the advantage of mul- 
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rntelligence and Miscellaneous Articles. 383 
tiplying observations would be more fully experienced. Some 
experiments for dividing up even the interval between two disks 
have been begun, with promising results, but are not yet finished. 
I t  is well known that gazing steadily at a flickering surface is 
trying to the eyes, but in the operations above described no incon- 
venience whatever from this source was experienced, since if the 
flicker was strong a glance revealed the fact and another disk was 
substituted; the faint flickering which demands more prolonged 
attention seems to be no more trying to the eyes than ordinary 
optical work. 
I t  may be a matter of some interest in physiological optics to 
know that the sensation called" flickering "is independent of wave- 
length and connected with change in luminosity. When two dif- 
ferently-coloured surfaces of the same luminosity are successively 
presented to the eye as above described, no shock is experienced, 
and the colours are seen to mingle in a soft streaky way ; if obser- 
vation is prolonged for some time, subjective effects begin to 
manifest themselves, especially with quite low rates of rotation ; it 
is of course best not to study these with undue curiosity.--Ameriean 
Journal of Sdenee, September 1893. 
EXPERIMENTAL INVESTIGATIONS ON DIELECTRICS. 
BY DR. G. BENISCHKE.  
In the first part of the research the author determines the 
dielectric onstants of a few solid bodies by Gordon's method, as 
modified by Lester, but in which, instead of the Ruhmkorff's coil, 
the alternating current of the Innsbruck installation was used for 
charging the condenser. This charges the condenser alternately 
positively and negatively, so that the formation of residues of 
either kind is thereby avoided. In order to attain greater sensi- 
tiveness the alternating current wastransformed into one of higher 
tension by means of an induction-coil. In  this way it was possible 
to use various tensions. I t  was found that the dielectric onstant 
is independent of the strength of the electric field in the condenser; 
this also proves that there is no appreciable conductivity in the 
dielectric, for if there had been its capacity must also have been 
increased with increase of  tension. The dielectric constant of 
paraffin was found to be 1"89, ebonite 2"03, sulphur 2"42, ordinary 
glass 4"17-4"52, plate glass 3"85. 
In the second part of the research the influence of the alternating 
current on the dielectric constant was investigated, by exposing the 
dielectric for various periods to tensions of 8 to 1600 volts, and 
then investigating them. No such influence could be ascertained. 
The capacity of the condenser was, it is true, 2 to 3 per cent. less, 
but after a long time it reverted to the original amount. This 
change may be ascribed to a transitory condition of strain, or to a 
kind of hysteresis.-- Wiener Berichte, April 13, 1893. 
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